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SHOALING BRHAVIOUR IN THE MINNOW AND ITS EFFECT ON POPULATION STRUCTURE

AND MOVEMENTS

Introduction

Since Parr .(1927) described shoaling behaviour in chub mackerel and
killifishes in aquaria, and came to the conclusion that the behaviour he
observed was a visual response to other individuals of the same species,
there has developed an increasing interest in the manner in which, and the
reasons why, certain fishes group themselves into masses generally referred
to as schools or shoals. Nikolsky (1963) has produced different definitions for
the two words. The shoal he defined ag a more or less prolonged grbuping of
mutually orientated fishés, of closely similar biological condiéions and age;‘
united by similax behaviour. The school he considered to be a smaller grouping
within the limits of a shbal, with the fish within the range of interaction of
their.sensory organs. In this study the two words will be used synonymously.
Alleg(l?}l) defined two main types of groupings in his investigations of the
bases of gocial behaviour. The firsgt type is the animal grouping that forms
as a result of each member being attracted to the same region, owing to physical
environmental conditions to which each individualbshows a common responses
His second grouping is based on the mutual attraction between species mates.
This is exhibited in different degrees of intengity, animals being strongly,
moderately or weakly attracted. |

Mlee's studies stimulated the/subjeot of physiological advantages of
community life, but up until 1946 only two studies were made on the phenomenon
of shoaling (Spooner 193%1; Shlaifer 1942). Breder and Halpern (1946) presented
new thoughts and experiments on fish aggrégations. Shoaling was considered an
 extreme form of the aggregaﬁipg tendency., Distinguishing features of the shoal
were - all individuals (a) similarly orientated, (b) uniformly spaced, (c)
moving.at uniform speed. In many species studies these precise definitions
coﬁld not be rigidly applied, owing to the continuous state of flux, within
the shoal, with respect‘to orientation, spacing and speed of movement.b Morrow

(1948) considered aggregation as "a chande grouping of individuals brought



into a given locality by external factors not concerned with relationghips
between individuals". Shoals were considered to be closely knit cohesive
groups in which there appeared to be a definite centripetal influence existing

between fish. Keenleyside (1955) defined the school as an aggregation formed

when one fish reacts to others by remaining near them. Typical features
shown were performance of the same activity at the same time; lack of
aggressiveness between members and‘equaiity of rank.,

The ideas which suggested thig study provide three possible explanations
for the shoaling phenomenon, These are:- (a) during the breeding_season
'§ shoaling plays an importaﬁt part in the reproductive activities of the'species.

| Bredef (1959) suggested that the shoal represents an operation b& the population

in order to ensure the possibility of reproductive encounters. (b) shoaling

j , is an important factor in the location of locally abundant food items. Gee

(1971) considered that shoal movements elicit prey flight activity thus facilitating

e el L

detection of food. (c) shoaling affords a certain degree of protection agéinst
predation. Brock and Riffenburgh (1960) discussed the mathematical aspect of
this approach, also shown by Olson (1964.) A verbal interpretafion has been
% provided by Breder and Halpern (1946), Hiatt and Brock (1948), Sette (1950),
' Springer (1957). | |

~ Shaw E. (1969) considered the attémpt to find one single adaptive
feature for shoaling was of little use, for shoaling in fish is probably due
to the compounding of a number of adaptive features, three of which I suggest
above. The possibility thatlshpaling is not an adaptive mechanism and that
it could be expected to arise in any species subject to aggregation, has also
; been discussed. (Williams G. C. (1964)).
; _ - Shoaling behavibur in the minnow is one factor affecting the population
| dynamics of the species,‘producing changes in growth, fecundity,lmortality and
movements, Mann (1971) reborted difficulty in obtaining accurate estimates
of survival in the minnow, because in some months a shoal could be inside the
study area, and in other months outside the study area. Gee (1971) also

repbgnised'the difficulty of éampling a fish population which has an unstudied
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'shoaling pattern. The size composition of catches of yellow fin tuna

(Neothunnus macrOQterus) has been used in an attempt to determine growth,

age and schooling habits - Schaefer (1948), and a similar method is followed
in this study, Fish populations have powerful compensatory meéhanisms. They
are able to modify the density of the population, growth rate within the
populations, ag well asbthe fecundity. The effect of pppulation density on
production has been apvreciated, but not well studied. A negative cotrelation
‘has usually been found betwegn dengity and growth rate. Ih stieam and littoral
gpecies, both territoriai behaviour and dispersion act together, with factors
in the physical environment, to regulate the density of the species.v In
shoaling and pelagic species, the demonstration of the action of,density
dependent factors is difficultto demonstrate, though growth may often be
inversely related to density. (Backiel & Le Cren 1966).

Fish populations are known to show remarkable powers of migration and
dispersal, but studies have concentrated on salmdnoids. The importance of
moveiments on the dynamics of the species has been shown in other animal
populations. Andrewartha and Birch (1954) discuss insect populations, whilst
the whole subject of the effects of movements on the regulation of sgpecies
numbers has been a topic of much controversy (Lack 1954; Wynne-Edwards 1962).

Workers with freshwater.fish populations have reported an absence of
extensive movements; a fact which will play an importaant role in the deter-

minatioﬁ of abundance and.production., In the Thames, roach (Rutilus rutilus L)

perch . (Perca fluviatilis L) and dace (Leuciscus leuciscus L) show a limited

range of movement (Williams 1965). Marking experiments carried ouf by Le Cren
in Windermere showed a tendency for mrrked Perch to réturn to their original
site of capture (Worthington 1950), and added to the idea that the fish oécupiedv
a 'home range' (Gerking 1953). Hartley (1947) demonstrated a movement of
roach into shallow water in order to spawn, whilst Stott B. (1967) produced

evidence for a mobile and static comporent of roach (Rutilus rutilus L) and

gudgeon (Gobio gobio L) populations. Movement may be vertical as well as

horizontal and may take place on a daily basis as well as seasonal,
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In this investigdtion it was decided to obtain visual information on
the shoaling behaviéur of the minnow, which, together with seine netting
results, might provide an indication of its effects on the population structure
and movements during the period of study. Visual observations of shoaling were
investigated both in the field and in the laboratory. Routine weekly seine
netting was carried out at two sites,.to provide information on population
structure over this period, whilst an attempt was made at estimation of population

nuabers of the minnow (Phoxinﬁs phoxinusg L), together with an estimate of

numbers of a non-shoaling species, the stone loach (Noemacheilus barbatulug L).

Movements of minnow shoals were recorded over a twenty four hour period.
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1. Description of the river and sites

The River Wear forms at Wearhead from two small burns, Kilhope Burn and
Burnhope Burn. At this point the river is 336 metres above sea level and
106.9 kilometres from Wearmouth Bridge, Sunderland. The rivervexhibits marked
changes of flow throughout the year; in gpite of compensation water released
from uplaid reservoirs. Major floods have occurred at all seasons of the year
and quite marked fluctuations in level were observed during the period bf

}study, which extended frdm Méy through to August. A gradual increase in
nutrient levels is observed (Whitton and Buckmaster 1970). Sewage effluents
into the river have no marked effects on the general water chemistry.

Two sites were investigated on the River Wear: S

(1) Croxdale (NGR NZ26:237}4)_ o (rige 2 )
(2) Finchale Priory (NGR NZ294473) (Fige 3 )
and one site on tﬁg River Browneys
(3) Langley Park (NGR NZ213%453)
Site>(1) Crokdale is wide and shallow, having a mean width of 30 metres and a

depth of not more than 1.5 metres. Cladophora glomerata (L) covers much of

the gravel areas during the suumer period. In the shallqw, slack reaches of

the river much silt is deposited during the summer, and during floods large
quantities of this are washed down. Just upstream of the sampling site is

an extensive gravel bed, which remains uncoveied during suumer, except after
pefiods of heavy rain. Site (2) Finchdale Pridry has 'a similar width of 25-=30
metres, but the river here runs through a deep gorge formed by the river, so
that in mid-stream bare roék is exposed, and deep pools of 2-4:metres are
present. Macrophytic growth is reduced, probably due to shading by trees in

the gorge. The site chosen was an area of slack water with a géntly shélving
sandy Bed. Site (3) Langley Park, used for many of the behavioural.observations,
is a slow flowing stretch of the River Browney, upstream of the weir and

sewaée effluent. - The mean width of the river is 8 metres,'and depth‘l-l.S metres;

with the river bed formed from mud aﬁd gilt ﬁaterial,
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Fish gpecies recorded at sites 1 and 2 are:

Phoxinus phoxinus (L) (minnow) . ¢ _ F.P.
Anguilla anguilla (L) (eel) e F.P.
Salmo trutta (L) (sea trout) ‘ c F.P.
Gasterosteus aculeatus (L) (threeéspined S ' '.
stickleback) ¢ . P.P.
Noemacheilug barbatulus (L) (stone loach)-‘ c “‘ PP,
Gobio gobi& (1) (gudgeon) | ' PP,
Leuciscus leuciscus (L) (dace) | o F.P.
Salmo gairdneri(R) (rainbow trout) e F.P.

C = Croxdale ' P.P, = Finchale Priory
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2. General biology of the minnow (Phoxinus phoxinus) (L)

Ten species of Phoxinus are known in Eastern Europe and Northern Asia.

The species Phoxinus phoxinus (L) is to be found in most of lurope, and belongs

to the upper fast flowing reaches of rivers, ponds, shallow lakes, and the
littoral areas of deeper lakes. It shows no real preference for substrate
being found in waters with a sandy or stony bottom. It is often found in areas
of slack water, where, during the period from April through to October, it
will form shoals consisting of large numbers of fish. From Yovember to March
dispersal of the shoals occurs, the minnows remaining quiescant under stones
in the slacker areas of the river. The minnow grows to a size,of up to 10 cms,
though.sometimes specimens are recorded‘showing a greater length. The longest
gpecimen recorded in this survey was 10.7 oms in length and weighed 19.4 gms,.
Mean lengths reeorded for the different age groups are{@ack _1940) 0, 34.29mm.,
I 53.12nm.; II, 69.39mn.; III, 85.3%mm.; IV, 95.56mm.; V, 113.8%mm. Females
of age classes III‘and IV are 1argef than the males. Spawning occurs in the
monthg of April, May, June and July Qhen large spawvming shoals are fqrmed.

At thig time the male shows a characteristic epawning coloration, with the
belly, the pectoral and pelvic fing turning reddish in colour, ahd the whole
body assuming a darker cqloiation. Minnows ehow naturity in a few individuals
at the end of the first year, and in the majority of individuals during their
second year. Food consiSts‘mainly of fresh&ater invertebrates together with.
microscopic algae.” Theybarebpreyed upon by laiger fish e.g;'trput,>perch; ‘

pike and chub.
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3, Behavioural obdervations of shoaling in the field

(i) Methods: Pureiy visual observations were carried out at three main sites,
| (1) Croxdale )
‘ , ) River Wear
(2) Finchale Priory ) ,
(3) Langley Park, River Browney
together with several other sites on the River Wear. Only wéter temperature
. readings were taken and thesé only on a few occasions, as it was thought
that factors such as light intensity and water flow are subject to the
. effects of many other variables. It is also believed that numerous
factdrs are involvéd in the behavioural movements of fish - e;g. physio-
logical state Ofvthe fish, time of the day, amount of cloud cover
~affecting both lighf intensity and water température; Photographic
records were also made using a Prinzflex 500 camera, fitted with a
Domiplan f 2,8 lens with pqlaroid filter..
It was found that the best conditions under which to obsérve and
photograph shoaling behaviour, were prevalent on hot, cloudless days with
a high light ihtenéiﬁy; Observétions were carried out during the peribd
irearly May to early August, butithere‘were few days throughoutvthis period

that were suited to both visual and photographicyobservation.‘

(ii) Observations

(a) Shallow water shoaling. buring periods of fine weather as described
t above, shoals.wgre'frequently obgerved in shallow, slack areas of
the rivér,,cloée in to the bank., At Croxdale these shoals were
~observed in slack water both above and.below the bend ofnthe rivef.
Large shoals wére formed near the entry of Nicky Nack beck (Figs 2 ) -
Shoals of tﬂe smaller size groups were present in the shallower
water of 10-25 cms depth, whilst the larger size groups were
- pogitioned in water of 25-50 cms depth. Temperatures in these

 regions were 2—300 above the temperatures in mainstream i.e. 1500

~as compared with 11-12°C,



The entry of Nicky Nack Beck provides a situation of a colder
~ body of watér'ffom‘the beck, moving into the shallow slack area
-~ of warmer.water. On several occasiong shoals were observed in
:this region, poéitioning themselves parallel to the incoming
water from the beck.
During periods later in the summer i.e. late July and
August, the fry maintained their shoals in shallow water areas
and sheltered pools near to the banks, SOme of these pools not
exceeding 2" in.depth. Minnow fry were alszo to be found in the

shallow slack pools in Nicky Nack Beck.

(b) Shoal movements. All shoals observed were in nd'way static in
: nature but were in'a state of continuous flux., At the observation
- gites shoal movements took place both up and downstream. From |
. these main shoals, members may move off (see plates 3(a), 3(b),
4(a), 5(a), S(b)) as a result of which one of three activities
',might'oocur; (a) the breakaway group wheels round and rejoins
the main shoal, (b) the group reshoals.with members of a different
shoal but of a similar size grouping, (c) the group forms a new
ghoal, which may or may not shoal with other shoaling groups at a
later time. Whén dissociation from a shoal ook plece, all that
'a?was required to initiate this dissocisation was a rapid movement of
‘. one or several fish away from the main shoal, eliciling a corresponding
movement of more fish away from the main shoal, Fiéh midway
- between these two new shoaling units showed pahic movements, in an
<Aattempt to reshoal and maiﬁtain ?ontact with’one of thé two new
shoals.,
Movement of shoals along the length of the river appears to
be restricted in nature, probably due to the fact that observqble
mofements bécur;ed mainly in areas of slack water which were

" themselves restricted. Observatioh of movements in deep water -
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areas was h{ndered by decreagsed light intensity, with increased

“depth and a reduced angle of vision from the observation point.

" At Finchale Priory minnow shoals showed more extensive visible.
{‘fmovements than at Croxdale. . At this site evidence for female

spawning group movements was obtained‘by capture, using rod and
line whilst being visually observeq, of a group df mihnOws of
gize range 7.5 - 10.7 cms, consisting of II, III and IV year

fish, of Which seventeen were ripe females aﬁd two were mature

males.

- (¢) Nature Jf substrate and backzround coloration. Shoals did not

'  appeai to show any preference for s particular substratum for
~.different shoals were often found grouped over different substrates;
"~ both coarse Sahd areas and gravél areas éppeared to be equally
favoured. The colour tone of the ackgfound presented no real
preference, for shoals maintainéd‘position over a wide variety
of background tones. During periods of fine weather with a high’
light intensity, minnow shoals showed no tendency to move to
. cover areas, but remsined either in shallow water areas or shoaled
'_ih the surface wafers.of deéper regions of‘the river. This
‘7‘ Eehaviour wasg observed during the months éf lay, June and July,
- the spawning period of the fish and a time of high activity.

i

(d) Peeding behaviour of shoasls. This was best observed during after-

noon and evening periods., The minnow feeds mainly by day, and
gut analyses of minnows saﬁpled at different periods of the day

~showed a high proportion of guts empty during morning hours, with

an incréase‘in feeding activity during the afternoon and evening.
‘Feeding activity'was rareiy observed before 1200 hours. For this

reason the gut analysis sample, to be described under 3(ii), was
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taken during the evening. As a’résult of feeding activity, the
.external uniform appearance éf the shoal was broken down. Not all
shoal members would be a§tively feeding ut & particular point in
time, and these would retain the uniform shoal appearance, each
fish being ; similar distance awey from its neighbours and orientated
in the seme direction. Those feeding would be involved in active
movements near to the éhoal, some rising above the surface to
obtain their prey (see Plate 8(a)) whilst others maintained a
‘grazing action on stones, bottom muds or vegetation, Disruption
~of the uniform shoal appearance was brought about by a temporary
localised aggregation of fish, as a result of rapid movement
towards a food source by a single member or several members of the
shoel, This movement took the férm of a quick darting action
followed by rapid lateral movements of the body on capture or
attempted cepture of the prey orgenism. This action could be
 fepeated several times, for often the fisi woﬁld reject the prey.
organism once or several times, and them make & further attempt
at reingestibn. Frequently these feeding movements elicited

feeding movements of nearby minnows.

‘ {:‘(3) Food intake by the minnow shoel, A gut analysis study wes made on
| o fish netted from Finchale Priory (15.6.72,}1930-2030 hours). Fish
“were placed in 4% formalin soon after death by suffocation. They
- were not placed into formelin immediately owing to the possibility
e of fegurgitation on immersioﬁ. The following‘day the stomachs
were removed snd placed in 4% formelin in preparation fof idenfi-
v 1fication of food items. Eéch stomach was studied as a single unit..
Several methods of anelysis for stomach conteﬁts'of fishﬁare
.;available. In this particular sﬁudy both the "Frequchcyéof occur-
rence" method and the."Points" méthod were used in drder:to provide
a comparison of‘the result; by tﬂe two methods. In the former

of these the stomach contents were examined and esch individusl
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food item identified and expressed as a % of the total number of
stomachs examined. Unlike electro-fishing, this method of saﬁp]ing
by seine ﬁetting was not size selective durihg the sampling petriod,
and there was no evidence that it selected fish which had been
consuming a particular type or quantity of food. Capture by hand
net showed similar gut analysis results. The stomach of the minnow
is not easy to distinguish from the rest of the alimentary cunal
and so only the anterior one third of the alimentary cénal was
examined.,

The 'points' method (Swynnerton and Worthington 1940, Frost
1943, Hynes 1950) was found £0'be the most useful. ‘Perpentage
6ocurrencé values often give misleading results, high values being
recorded for the presence of single food items. For the !'points'

" method stomach contents were removed, identified and each food

‘}_; type was allotted points, dépending upon its size and abundance.

The total points allocated per fish wereldependent upothhe size
'7fof[the fish and divided up as follows:

Minnow size 241 - 4.0 CmS. _ 401 - 6_00».0"156 6.0 Cms.+
(CmS) : . ) . . B g : - . -

:‘;qut fullness = S
o a0 15 .20 . 25

1
‘a
2 full 45 - 60 R

Full 60 80 100

;,All points gained by each food item were summed and presented in
9 form to'give thevpercentage composition of~thé food of all the
'.\fish examined. - This points method is essentially‘an apﬁroximate

: volumet:ic method;',Its limitation'is'the éubjecfive aliotment of -

~ points by the investigator.
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 Results:- Chironomids formed the most important part of the diet
for minnows 6f}ali the arbitfary gize groupings see Fig. 4 |
and Table‘ 41 « Insufficient fish, of. sizes 2.1-4.0 cms and 6.1 cms
upwards, were captured to provide a reliable comparison of the food
intake by the different sizes of fish. Results indicate that the
- minnow éhoal was occupying a region where chironomids were. parti-
“cularly abundant. Mann énd Orr (1969) found little variation in
- the food compositioh of different size groups.of minnow, stickle-
back and salmon. There is an indication with this study, that
~ minnows of above 6,1 cms in length were taking a higher proportion
- of terrestria;.organiSms, e.gs diptera, Chironomid; formed a
smaller pgft of thé diet.in this group as compared with thebother

two groups.

. f{ (f) The 'fright reaction'. The alarm or fright reaction, in response to

movément on the bank or object disturbance in the water, produces
f.'initially ahdenser aggregation than is present in the normal
3‘shoaling behaviour exhibited prior to the disturbance. During this
period of rapid mdvement shoal members often break surface. This
‘ ‘is thought not to be é necéeséary.composite of the fright reaction,
-~ but is‘probably a cohsequeﬁce-of the over-aggregation., The following
 response is a movement of the shoal in its more compact form along |
.what appéars to be-defined roﬁtes, i.e. the fish moving as a shoal,
possibly splitting into two or threevseparate parts, but never
v showing a compietevdispersion. if thisvmovemént carries them into
~ 4he mainstream then dispersal of the shoal takes plaoe.és a resuit v
of the rapid waterlmovement in thig area, producing an inability
of the individuals to maintain shoaling behaviour, Return to the

. ofiginal shoaling area occurs not 1ong‘after digpersal and is
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“dependant on the intensity and length of disturbance. The sub

 groups show no evidence of the over-sgpregation of the dispersing

7ripanic group. The returning members of the shosl arrive in smsll

f  groups and‘exhibit a preliminary backward and forward movement

. over the shoaling area before reformation is accomplished.

Shoals of different sized fish show.different reactions to
ﬁ‘ éhanges in the environment. When the 'fright reaction' of the
7',/larger fish is induced by movements of the observer, the smaller
fish remein undisturbed requiring & much greater disturbance, sdoh
as water body disturbance, to promote the fright reaction, The.
k fishes‘of these different shoals, therefore react in different

‘weys to changes induced in their environment, whilst individuals

" of euch shoel react in the same way.

 t ~wL;(g) Pod formation. This behaviour may have associations with the
| 'rﬂ "fright reaction' in that it could bevprotective in nature, but
.“was only observed during periods of fine weather and high light
‘intensity. The fish shoal takes‘on a bell shape with insufficient
clearance for swimming, leading to coutact between individual fish.
Once formed no large movements take place‘withinlthe pod or by the
pod, the fish‘remaining nearly or cbmgletely randomly orientated,
often situated in the same spot for a period of up to five miﬁutes.
" Pod f&%mation is of'ten initiated,sdon after locel disturbance, but
' is also observed when shoals‘make close contact with objects present
~in the water, such as tree branchés or decaying vegetation. (See

: plates 6(b), 7(b), 8(b))

“bﬁ'«(h) Mill formation was observed under similar conditions to pod formation.

vb,The‘activity took place in the surface waters of the river with the.
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fish exhibiting circular swimning movements for periodé of up to
" two minutes and then moving off. It is thought that by these
‘l‘ i:‘circu1ar swimming movements the members of the shoal are able to
,1 onnserve energy though no satiéfactory reason for the mill formation
‘has beeh put forward. vThe formation of the mill mey be intrinsic
‘t :in that the shape that a shoal takes may elicit the milling
behaviour, or extrinsic in that it is produced by one or several
transient factors, such as light intensity, temperature or chemical.,

(see plates 4(b),6(a),7(a)).

'iff(i)‘.Shoal formation with other fish. On one occasion several stone loach

(Noemacheilus barbatulus L) were observed shoaling in with a minnow _'

:ﬂ?‘ishoal of similar sized fish., The stone loach is a poor swimmer
v{ and was unable to maintéin a constant pogition within the shoal,
ﬂv which was remainihg quife stationary. The lbach, which are bottom
n*bydwellers, were positioned near to the base of the‘minnow shoal in
 _sha11ow water.,
buring the period late July to early August fry were present
 'at the Croxdale and Langley Park éites. Large numbers of fry were
| shoaling close in to the bank, with_both minnow and stickleback fry
'pfesent Qithin these sﬁoals. There appeared to be no separation
of individuals of the twq species within the shoals. From miadle
%o late August the stickleback no longer played a part in the_
“formation of these shoals, but showed:a more dis?ersed distribution.: 
Possible evidence for shoaling with other spedies; was also>
provided ffbm netting results. - At Croidale gite dn three_occasiohs

fingerling trout (Salmo trutta L) were netted with the minnows.

~'Muus B. and Dahlstrom P. (1971) state minnows are often found in
bishoals‘with tﬁdﬁf or salMop parrgof an equai gize.

i
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’.(3)‘:Shoal composition. As an aid to the identification of shape and
;‘composition of the shoals, photographic data collection was under-
>”i 'taken. This provided information on the numbers of individuals
'vwithin the shoals, the relative sizes of the fish within the shoals,
- }fn‘together with an indication of the wide variety of shapes exhibited
:.xby the shoal (see Plates 5(a,b )l A‘high proportion of the shoals
;,photographed were formed from individuais at the beginning of their
| f second and third year of life (I and II), only II year fish being
bfully mature. it was only this section of the population that were
~ seen to exhibit mill and pod formation, although O year fish were
presént in the seme area and at the same time. Shoal numbers showed

a maximum of 400 - 500 fish, though shoals with numbers well

below the maximum were also observed (See Plates 3(a), 3(b) ).

-  (iii) .Conclusions end discussion: Several theories have been put forward to
o ';iexplain shoaling behaviour in fish. From the observations described
 vabove one can obﬁain an indication of the linés of thought which have
flled to these fariqus theories. They can be considered under three main
',fiheadings: |
‘f(a) Shoaling éffords a certain degree of profection against predation.
It mey be that shoal forme tion is not an adaﬁtive mechanism but is
~a consequence of adaptive behaviour on the part of the individual,
¥ ’f  k i.e. shoaling is a form of shelter seeking. The extreme form of ‘
| ' €his behaviour may be exémplified by the pod formation observed ihvthigi
study. Reduction in the area in which members of the species are
-present may act as a factor in reducing prédation. This ﬁight
0. .. explain the frequent pod formation observed near to tree #ranchéé
present in the water, as a form'of cemouflaged ooncealmenf.
!
,'Springer (1957) reports simiiar pod formation in Jenkinsia>and
Lagodbn,-both.marine specigs& and huggested a description for the
shoal as beingba largé oreatbrewhibh presented én’exqmpie-' |

of collective mimicry, and which Springer thought

i
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: provided protection by its frightening appearance.

Shoaling species of fish are not climax predatoré at the end

. “of a food'chain, but are prey species for a large part of their.

' life history., According to various anglers questioned, the minnow
‘lformed a common item in the diet of sea and rainbow trout in the

" River Wear. These predators at the end of a food chain are

. ordinarily non shoaling solitary fish, If shoaling does afford some

protection, this may be a result of scattered prey being more
liable to detection. Large shoals may have a deterrent influence
 over approaching predators. One would not expect this io be a

..long lasting influence owing to habituation by predator%, which

" could lead to an increase in the numbers of predators in the area.

"f;'This would become an important factor in the disintegration of the

':.1 large group. Maximum shoal sizes observed at Langley Park and

Finchale Priory, being in the region of 400-500 fish, were gimilar

to those seen at Croxdale, though more shoals were present at the

‘;f]“vlatter area., Large shoaling groups may give rise to a 'confusion

 ,effect' (Allee 1938) whereby predator fish show a reduced food

- intake if too many food objeétsvare presented, More experimental
' 1work is required to produce evidence fbr.the survival value of the
"confusioh effect's |

Protection advantage may also be provided’by qheﬁical substances

"in order to communicate alarm to other members of the shoal. The

: 'Schreckstoff effect' (Pfeiffer l96é) (also see p. 22 ) has only .
:'ibeen reported for damagéd and injured‘fiéh as observed with the
minnow initﬁis étudy. It is believed that the alarm reaction is
- a purely visual reaction and not chemicéiiy induceds The 'Schreckstdff
ieé&tion' is lérgeiy confined to members of the Gypriniformes,and |

‘:1members_of~thié'group:are notﬁconsidered as:obligate shoalers,
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It may be that movements into shallow water provide some protecticn

‘ Jagalnst predators, and evidence to be preqented in section 7 suggests

.,“that this is probably the case,

‘Shoaling is an important factor in the location of locally abundant food

items,

Minnows at the site studied, and at the time of study, were

‘mainly feeding on one food source i.e, Chironomidae in the form of
,: larvae, pupae and adults, preference being for the larvae which were

present in 82 out of 114 stomachsvexamined. From observations over a

period of several weeks at the Finchale site it was noted that minnow
'shoals moved into this pariticular area at approximately 2100 hours,
an observation which initiated the 24 hour study.' Many fish could be

-~ observed actlvely feedlng on the river bed (see notes on feedlng

behaviour in the shoal), The shoaling behaviour may have the effectccf"

reducing the variety of diet. Maitland (1965) found that the major

:__items in the diet of minnows, in the River Endrick, were algae, but
also adds that in this situaticn the minnows browse non-selectively

- on Aufwuchs communities (Ruttner 1953). Frost (1943) identified

Cladocerans as the main food source in Vindermere, with Copepoda,

.,filamehtous algae and diatoms also forming a‘high,proportion of the

diet. At her other study site, the River Brathay, minnows were

chiefly feeding on filamentous algae with Chironomid larvae next in

importance. Badcock (1949) found that desmids, diatoms and filamentous

' galgae'were predominant in the minnow stomachs that were examined;

whilst Hartley (1948)'reports a preponderance of Insecta with 26.5%

(by occurrence) of the ulet belng formed by Chironomids. Mann and

H
1

:Orr (1969) also prov1de details showing a restricted range of dlet

dyrlngbthe spring and Summer months, wheq shoaling occurs. - Gee (1971)
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found Chironomidae and Ephemeroptera to be the major cbnstituents.

:_ Evidence suggested, however, that feeding was largely non-selective

-~ and that fish tended to seize any small moving object. He added that

during activity in the shoal, minnows disturb prey into flight movement

and that the roaming nature of the shoal adds to the possibility of

coming across larvae or emerging adults. Manteifel and Radakov (1960) -‘>

- have shown experimentally, that when one part of a shoal saw food

and made towards it, the remainderi of the fish in the shoal were

attracted by this movement even though they were unable to see the

' food. Similar observations were made by myself in the field. It seems

therefore that shoaling may facilitate the location of»food‘items.

Little is knéwn at the present moment of the effects of shoaling

" gpecies of fish on production within their environment, as well as
. the contribution to production by these species. A significant feature
~of the few production estimates that have been made is the large

; contribution made by small or young fish,

The tendency for_aniinérease in the size of a shoal may be limited

by depletidn of food.: A restricted shoal'siie_is suzgested by the
 photographic evidence, though at (roxdsle even though these approximate
" gizes were maintainéd, sevenﬁlshoals were'presént in short stretcheé 4’

. of river.

During the breeding season shoaling plays an important part in repro-

duction. Shoaling may be considered a means by which members of the
| : :

game species remain together, and ensures the possibilities of contact

. between mates during the spawning period. A restricted spawhing seasgon
~‘requires that mature species membefs comebtogether within spatial and -

' temporal limits in order that matiﬁg may take place. During this study

" large numbers of one and two year old fish were observed and.

" netted shoaling ihvlarge numbers‘during‘the spawhing:peridd.‘ Mdhy
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bmembers of these sﬁqals exhibited nuptial colouring and occupied shallow
areas of water, Woodhead P. M. J. (1956), when examining minnow
behaviour in a light gradiént, demonstrated extreﬁely active behaviour
at high light intensities and no sign of a lightAintensity limit during
the spawning period. This probably explains the shallow water shoaling
observed at this time, ILarge shoals of minnows formed near the entry
of NickyiNack beck, which may act as an additional spawning ground,
besides regions in the rivef itself, The extent to which bofh these
areas are used for spawning is unsure, Both fry and one year old fish -
were observed in the beck, though no mature two year old fish: . This ”

behaviour prior to spawning is not uncommon in fishes. In the marine

fish, the grey gurnard (Trigla gurnardus), spawning takes place from

April to August and it is thought that the surface swarming displays
have important connections with reproduction. The pod and mill formation 
in the minnow should be examined further, and their posSible importance} -
in.connection_with reprodﬁctive activities traced., The actual timing

of spawning was not clear and in the minnow is known to extend over

three months. Fully ripe femaies were netted in thé months May, June

and July. As stated above (P.10) evidénce for female spawning groups

was obtained by capture of a shoal of minnows of size range 7.5-10.7 cmsy
consisting of 17 mature-females and two mature males (Table 3),

This is in contrast to evidencé produced by Ffost (1943) and Mottram
(1922) who observed large numbersiof mature males in the.coﬁpaﬁy of

one or twovfemales.

It is conCluded that no one adaptive value can be assigned to
shoaling and the values 1nvolved vary at different apes and stages durlng
the life cycle of the animal. The proposed adaptive values from this
study are (a) protectlon (b) food capture (c) spawning. Further
adaptive values of mlgratlon and energy conservatlon have also been

suggested._
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4. Behavioural Observationg in aquaria

(1) -Visua1 Observations

(g) ‘Methods: Shoals of the species Phoxinus phoxinus (L) were studied in

0. | :if  faquaria. Fish held in the laboratory were fed daily on a diet of‘
‘:af  free?e—dried~tubifex worms‘and one other commercial dried fish

‘ Jfo0d pfeparaﬁion; Desceriptions and observations were made during
'fthevperiod May to August, 1972. Fish were retained in aquaria
- of size 59.0 x 28.0 x 29.5 cms, containing tap water to a depth

of 23,0 cms and maintained at a temperature of‘1600 for the experi-
ments, The River Browney and River Wear, Coﬁnty Burham were used

' as a source of fish for the experiments. It was found useful to

.+ make some general observations, initially on the shoaling behaviour,
' before proceeding with controlled experiments}» The fish were
allowed a T-10 day period of acclimatization befqrevobservdtions

and experiménts were carried out.

_‘ .(b) OBsérvations:.Shoals observed in the laboratory do not show a cohstant .1,Q
s form. All fish'iﬁ the shoai'dO’not swim at the same speed. The"
bmore active fish in £he shoal maintain contact with‘the shoal .

’,,by-swimming a more irregular path. InAa stationary shoal some Of:‘
. the fish remain quite still whilst others swim slowly eround,
'f>continua11y'turniﬁg’back on reaching the periphery of the shoal,
. On1y in the moving shoals does extreme uniformity bécome apparents
If fhis.were not‘the case, thén shoal étructure maintenance would
© be diffioult. | |
e The main feature of the shoal is that each individual
| reacts to fellow species members by remaining in‘ﬂheir pro%imity.
. Any fish which mové off from the main group often stop, tur? énd
make their way back to thevmain group. When several fish show a
‘movement,awaykfrqm ﬁhevmain,shoaljit is either followed.by a return
": moveméntitd fhe:méin,shoal orﬁa,moyément'by.the'rest.othhé main

[
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shoal following'the breakaway group to’a new shoaling posgition,
During movement of the shoal moét of the fish aré orientated in the
game direction, The speed of movement variés within the shoal with
 stragglers showing faster swimming movements in order fo maintain
: contacf with theiméin group, Fish in the shoals.show'a tendency to
spread out in therhorizontal plane during movements, ~Rarely were
.movingishoals observed more than a few fish deep.

. There is no apparent leader to the shoal and no indication
" that larger fish héve é grester attracting value for fhe other fish.
- A continuous interchange of 1eading‘fish was noticed. It may well
be that greater aétivity by a fiéh may elicit’followiﬁg‘by 6ther fish,
for members of the shoal often follow other fishbwhich show sudden and
répid movements.

The {frighf'reactionf was also observed in the laboratory, taking

a similar form tb:that described uﬁder field conditions. = With movements
df the observer, the fish rapidly form a dense aggregation.in one corner
of_theaqﬁarium. lwith removal of the disfﬁrbance the shoal gradually
takes on. its original férm. Another aspect of the fright reaction is_b'

1vshown on replaoemént of 'a skin damaged minnow into the aquarium., This
:‘  is acéompanied by.rapid, panic movements with'aggregationyiﬁ a part of
o the aquarium away from the repiéqement region, ,This mechanism has
“been ;ecognised as part of the 'Schrecksﬁoff réactioh', ihvestigations
of which have feéh reviéwéd by Pfeifféf <1962); It has been eétablished'
"fbr many of fhe Cypfiﬁi formes, thgf an %njuréd individual produces é_
chemical substancé £hat is iesponsﬂble fér the induceﬁent of‘the fright .
" reaction in othgr individuals. A panic‘iéaétiun is also obsefved wh¢n
depth of water ih‘the 5quarium falls below & certain level, this level, -

‘being higher for the larger fish than the sualler fish,
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Dispersal of the shoal took‘place durihg 1ate_evening and night
hours, a fact which has frequently been reported (Woodhead 1956, Harden-

Jones 1956, Breder 1959).

(ii) Experimentsal observations

v.'(é) Methodss Experiments were carried out in aquaria (dimensions as described
above) with water temperature maintained at 16°C under conditions of
minimum disturbance. |

AMethods employed were similar to those ﬁsed by'Keenlefside (1955)
"and are concerned with the importance of vision in shoaling. A glasgs
jar was placed inside the mquarium at one end. Five minnows were placed
"~ into this jar androne test fish placed into the main aquariuﬁ at the

" centre, Time spent by the fish in each sedtion of the aquarium (A and

' B) was then recorded ovér a'period’of fifteen minutes. Thé jar was
then moved to ghe other'endvof the aquarium and- the éxperiment repeatéd.
This was repeated for two more.tesf fish of.similar size, together with
an identicai prbcedure-for smaller and larger test fish. -Frequenéies
in time‘areirepresented in minutes. |
(b) ﬁesults.“ln order to determine whethér thé fish showed any preference
>' '_for remaining in one end of the fénk_a X! analysis was implemented infyv‘
| order;to demonstrate any significaqt'diffefenqe in the'time spent at
'.’éithef end bf the tahk both‘when,tﬁe shdél_is pfesen£7atvthe énd anq ;:
' Whenkabsenﬁvfrom the'ehd. | o
| f‘Null Hypothesisf;that‘theré is an_eqﬁal'préferénde for e€ch

. - ":_’"
. end of-the £ahk'-'




‘Total length ' -+ e R
cof time - o 139,12 minss
of fish - -+ . . B : B '
in A -

ﬁﬁallength TR SRR L
of time 0 130,88 ming. -
“of ‘fish : ' : : bl
in B

”.Numbér'of testé e  , 9

X : 0.2516  Not significant

- smaller sized test fish"- lengths 2.8, 2.5, 2.7 cms, -

shoal flsh - lengths 4. 5, 4.7y 4 5, 4 6, 4 4 cms.

specles of test flsh . Phoxlnus phoxinus (L) -

_‘]spe01es of shoal flsh L Phox1nus phoxlnus (L)..;’ijf'

' Total length of
“.time in shoal ‘area

,L 1»Total length of conl e
. tlme in non-shoal area o 12a0

Number of testéj"'lj‘v & ,'1 -6

36 o . ‘ 47 ?34 slgnlflcant at the .1%
. Lo level . :

- Lqulvalent gized test flsh - lengths 4.5, 44 6, 4.5 cms.

o shoal flsh - lengths 4. 5, 4. 7, 45y 4 6, 4 4 cms.

SpeCleS of test flsh i_v>?f Phox1nus;phox1nus (L)

1zyspeclesbof shoal(flshf;?uk:v- PhOXlnuS phoxinus (L)




',fT‘Total length of time

in shoal area

. Number of tests

N

©Totsl length of time -~
in non-shoal area’ - .

7196

12,04

48 283 significant at the .1%
level

Larger gized test fish - lengths 4.5, 4.7, 4.5 cms.

shoal flsh - lengths 2.8, 2.4, 2.6, 2 5, 2 7 cms.f_n 

spec1es of test fish e Phoxinus phoxinus (L)

’ ispec1es of shoal fish - Phoxihus phoxinus (L)

. Total length of tineﬂ'f -

in shoal area

: Totalvlength of time -
~ -,in non-shoal area : ' .

. Number of tests

- 3Q?:g' ’

© 6ase

25.48"

16,640 significant at the 1%
level

The data‘for the equi#alent'and gmaller sized test fish was then grouped

Cin order to demonstrate any significant difference between the tendency. '

to shoal as shown by the larger tedt flsh and the tendency to shoal as :

shown by the grouped data.

i

"Null ﬁvpothesiS"that the 1arger sized'test-fish show an equal '

tendency to shoal as compared wlth the. equlvalent sxzed and smaller

51zed test fish., .~
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L : o4 Larger
“Grouped data - - sized test

' B ' fish
" Total length of . . - L |
“.+. . time in shoal area 455,56 R Y N7
 Total length of S |
time in non-shoal 2L by 2548

area - : , ; _

| Y | 8.655 significent at the 1% level .

’x‘ analysis indicates a greater tendency to shoal is shown by the

‘equivalent and smaller sized test Fish.

Similar experiments were attempted, placing five stone loach

(Noemacheilus barbatulus L.) in the inner jar in order to determine_whether )
a minnow does, or_does not, visually distinguiéh between some other

species and its own.

[ {

-lérge test fish - lengths 4.5, 4.6 cms.

'jar' fish - lengths 3.8, 3.6, 3.7, 3.8, 5.2 cms.

-species of test fish - Phgxinus phoxinus (L)

¥

species of 'jar' fish

Noemacheilus barbatulus (L)

'Null Hypothesis

'that the test fish'shows an equel tendency to -

‘ }remain‘in each part of the tankbo~"  ;

.. Total length of time: S E
.. in shoal area © . bo.8k

Totel length of time .
in non-ghoal area . T - 19.16

i ’,*‘Cxi. B - .7.832 sigﬂificant at the 1% level
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small test fish - lengths 2.7, 2.8 cms.

~ 'jar' fish -'lengths 3.8, 3.6, 3.7, 3.8,‘3.2 cms.

Phoxinus phoxinus (L)

species of test fish

‘spécies of 'jar' fish Noemacheilus barbatulus (L)Tli;~'i

" Total length of time = -
in shoal area ‘ : © 45,52

Total length of time ' |
in non-shoal area 14,48

x* 16.06 significant at the 0.1% level

+

Both large and small minnows show a significant tendency to shoalywithf
~ stone loach, with small minnows éhowing a greater tendency to do so

than do large minnows,

Experiments were also carried out in order to-determine whether’
the minnow shows any préference for.a large shoal or a small shoal of
fish of the sﬁme species.  For this study one giags jar was placed at
‘each end of the aquarium and different numbérs.ofAminnows piaced in |

- each jar a3~foll¢ws::>

‘~f  Number of fish ~  Number of fish

~inarea A - -in area B -
'R ",’.;' ']  2  ”,. 8 .
2 " 6

~ One minnow was then placed in the équarium and the time spent s

in each half of the aquarium noted. .




Null Hypbthesis - 'thet the mihnows show an equal tendency_tor

remain in each part of:the tank'.

(1) Total tlmefﬁf;‘;: | ije*'*fel at: |

‘Not significant = ,

“:Total time .
in B ’

15,003 0 XE = 24443
= : co " 'Not significant

(2) Total tlme‘.

in A L 26416 (?' g tl X,v' phovaci

Not significant
© Total timei t» S f‘»if. : {_ “ "
. in B o 18484 0 X" - =0.8891 __—
e . o e Not significant

(3) Total time

lot 23,45 Vv:.v 1 = 0.0389
1nv A . S ’X' - - Not significant -
Total time ‘;":21;57 »; '»36 = 0,0385

inB Not significant
(e¢) Conclusions
| Results showithat the test figh remains for most part of the time in thet |
A,pert of the aguarium in which the other fish are present. For»much
of thls tlme it remains ‘swimming near to the inner glass Jar. The -
“maln points to be noted from the results aret- ‘
_(1)_,The test fish ghow a definite attraction to the group ofAShoaling
fish, |
1 (2) Small test fish show a greater tendency to shealvthan do latée ones.
‘(3)’ Test fish attempt to shoal w1th another species of figh, with the
| greater tenuency belng shown by the ‘smaller test flsh.

(4) Test fish attempt to shoal with thellarger of two shoaling groupsy -

though a significant relationship is not shoun.
v These experiments verify the importance of vision in shoaling.

‘eLarger fish show a reduced_tendency‘tolshoal and this may be becauge
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”‘:vthe larger a fish'ié the less likeiihood of it falling prey‘to'a predator
v   species.' If shoaling does haVé a protective bagis then this lattef ides
\ wou1d foliow ffom this. Bervein (1941) observed that shoals of Phoxinus
3: diove.away shoals of indiyiduals of smaller siéed fish, This’was not
‘:oﬁservedvduring these studies, either in the 1aboratory.or in the field
"~ noxr wag there‘any evidence for a hierarchy befween shoalé or between
‘members in the- shoal. Berwein also nqtéd that smaller sized minnows
‘tend to keep near the'surface, a point which was also observed during
these experiments and which is probably baéed on the pineal influence
';’in>shoaling, larger and oider figh having more fully covered pineal
'jtaréas.' SR | | - C
| A factor that must beér importance in relation .to shoal formation
s the length of the fish. This factor ceould not be demonstrated under
;llaboratory condition§ put Bainbridge R. (1958) has shown that the speed
"fatiany partiéular frequency 6f_taillbeat is directly related to the
‘ ;1ength of the fish.r The disfance travelled per tail beat iz directly
‘.“.dependant upon the amplitude of the tail beat. Thus it would seem
" that the smaller fisﬁ would be unable to mainfain contact with larger
‘members of the shoal "during periods of rapid'movement. Cushing and
;_:Harden;Jones (1968) state that fish cruise at~three 1engths a second.
A short périqd‘bf.actiVity during the morning wouid therefore'separate' 
’,;fhe fish out into shoals of wvarious sizes.A |
| Visual stimuli and lateral line stimuli must also indicate to
} the fish, changes in the velocity of other ﬁembérsvof the shoél) and
. enable the fish to take up a partiéular poéition within the shoal.
Mény shoaling fishes; including the minn;w,ipossess laterally far-
: “sighted eyes which maj be ade :uately suited to the’dérk 1ight contrasts
‘ whioh;they_are’presented with. The‘laterai dark line along the iength
‘.of thé'minnOw‘is-&nbther poséibie aid to shoal maintenance. Denton and

Nic01 (1966) discuss‘thefimportanCe'of'the reflective layer in silvéry
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. te1éosts in camouflaging fish.‘ Many shoaling fish, including the
tminnqw, ékhibit'reflectivity thiévproduéing a cénflict between the»
~requirement to rémain inviéible to predators, and the need to see

1éach other in order to shoal,

Dispersal of the sﬁoél, observed at night in the laboratory, also

indicates the necessity of the visual response. Woodhead (1956) and

. Harden-Jones (1956) produce descriptions for the behaviour of minnows

- under light gradients, thch are of importance in connection with
observations to be discussed undér section 7; The latter obsefver
ercorded diépersal\of a minnow shoal between light iﬁtensities of

©0.024 and 0.0034 m.c. | '

Of other systems which'maj have possible importance is the olfactofy
sense, this ig probably due to the ihtereét shown in fhe'schreckstoffv.
feactidh.‘ Chemical»stimuli;‘uﬁless they. are associated>With water
| movemeﬁtslare, howéver; nénfdirecfidnal;;and asi¢§ﬁp@£ed with{visualv:v

" .responses would produce a: slow reaction time. -~ .
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5: Population gtudies of the minnow

(i). Methods ¢ Seine hetting wés carried out at weekly intérvals at two sites
" on the River Wear. (1) Croxdale.
. (2) Finchale Priory.
The seine net was constxucted from Rokolene windbreak netting 6.5 metres
in lengfh and mesh size 17 x 28 per 10 cms. Nettings were made between
1900-2100 hours;' During this périod it was found that larée nunbers of
minnows shoaled in the study areas. Fish obtained from the netting at
this time were suitable for sfomach content anélyéis. Fishing was with
'Q the current in those areas wifh gluggigh flow and against the current
. o l,"‘in areas with mdre rapid flow, vMore efficient netting was pbssible.

" when the net was equipped at each end with a pole that was greater than

the height of the net. As the site at Croxdale held a much larger

\pobulation than that at Finghale; and the river bed possessed a sandier
substrate and was rélétivelyvsnag free, it was found that only one
sweep was required to produce a good semple of the population in the
area. Seven t;_eight hundred fish were often netted in a singlé sweep. 
These fish were placed intb a 9.2 litre bucket filled with water, which"

was then stirredtéo that the fish were well distributed throughéut L

the water. The‘fish were then éuickly poured away until a sgample of

Vapproximately two -hundred fish remained. It is believed that this

~ method of sampling produced a reliable sample of the catch.

Netting at Fihchale Priory'wgs more difficult, in that the ri#er
. bed sldped éway mbre rapidly and m§ré‘snags were present thus réducing:
the nétting effidiehcy.ﬁnd.indreasing the netting effort; Four sweepsv‘
_were nbrmally fequired td provide a reliable samplevdf thévfish bresent
in the area.
| Fish thus obtained wefe allowed to suffogate4and then placed into
.f4% formalin - solution fér 3-4 days to»allow fixation.of the haﬁerial.v:

| After fixation the 1engths, weights and sex of each fish was noted.
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‘Fork length of‘tﬁe fish was taken measuring from the anteriormost
'L;extremity of the fish to the tip'of the median rays of the tail. .
:  ;weightkin'fishés has been taken by several different methods e.g.

‘ispecimens that‘afe alive,anaestetiZea, freshly dead or préserved in

.~ various ways, Weights of fresh and preserved_materiai‘are not comparable.

- ‘Owing to the largé numbers of.fish haﬂdled and the information requiieﬁ
from each fish it was found necessary to use preservative., Specimens
_ preserved in formalin were tréated consis&ently in this respects For’
v gex determination the gonads of the fish were inspected. In adult
femaleg the eggé weré readily discernible in thé ovaries whilst in the
‘males the testes were smooth white'iﬁ colour and non-granulgr‘in appeafancé;-'
‘In some of the‘adulfifish sexual dimorphism was observed both in colour
.‘énd body proportions but it.was found mdfé réliable to intefnally |
examine the fish.

Age determination for the minnow is difficult, owing to the

 protracted.spawning period. . Gée (1971)‘attempted age-deterhinatioh of
-~ River wedr minnows uging several methods - e.g. scale structure, otolitﬁ
examination, and the method of Petersen relating length frequency

distributions to year classes. None of these methods did he find to

. be very satisfactory, g0 he concluded that tiie range of lengths in

';.minnows of different~year dlassgs,xas provided by Frost (1943)g showed 
:;close approximﬁtion tor£he RiVerfwgap Siﬁuatiqn. This would appear to‘
be the‘case, althuugh‘siight variation'w&ll‘éccur from yeaf to year . ‘

'and with locality. |

Sampling at both sifés waé cérried out ov er a beriod of eigh£

© weeks from the 17-May to the 14 July, 1972. From a study of the length

’frequency‘histogréms'it‘is_believed‘that'overfishiné was not taking |

- place. | |

.Yeér groups‘td be qqotedvbe1ow are desigﬁated gymbols as follows:
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e ONE YEAR ,
S MAY 1 : ‘ APRIL 30
SR lst year :
0 > Range in length 24-42mm
, 2nd year ‘
I 3 Range in length 42-68mm
o %rd year _ v '
< IT > Range in length 56-77mm
4th year
III > Much variation exhibited

(ii) Resultg: Details of length frequencies for ﬁhe two gsiteg are presented
" in higtogram form (i) Croxdale site (Figs, 5 %o 9 )
| (2) Finchaie Priory site (Figss 10 to 15 )
‘Nefting captures‘at the two sites produced fish maiﬁly from two year
clasgsses, I+ and.II+, although individuals of year clasées ITI+ and IV+
4‘ were aléo-netted; Fish of lengths 50~60mms showed a higher proportion
of ripe eggs in the ovary as compared with fish of lengths 40-50mms.,
_Fish examined *having léngths less than 4Omms shbwed a very low proportion
- of ripe eggs tﬁroughout the period of netting. Ripe minnows were present
in samples téken for both sitesup until late July. Daté obtained from‘
the capture of a shoal of spawning females is provided in Table 3
Sex ratios of the samples (Table 2 ) show a significant departure
ﬂ»’ from a 1:1 ratio on three occasions during the period. -
Young first year fish appear first in the»netting gamples at
Finchale Priory on the 28 June, but do not all)pear, until after the
: period of roufine‘sémpling‘at Croxdale iees 22 Juiy;f Log length - log
’weightIregreésion,anaiyses for (a)?fiéh 1engths O-55ms and (b)l56+mm3g: .

are showh in Tables 4 and 5.

(iii)f'Conolusions: Exé@ination of the length frequency histograms appears to
suggest that the popuiaﬁion size strﬁcture at the two sites studied,v
vériedlittle oVef,the sampling period. Shoals in the areas weré’formedl

 to a large extént.from‘1+‘and II+ fish., ‘A high proportion of those‘over
‘8 length of 50hms.wefe found td_betsexunlly maturé; Fish tend to mature

at a particular size rather than a particular‘age, In thevminndw, due
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- to the_wide variation in length within year clagses, some one-year old
vfishvare capable of breeding but do not exhibif théir full repmoductive
potential until the end of the éec6nd year, the.fastér growing fish
maturing earlier than the slow groWing oness A shoal of fully ripe
’»_f;méles, together with two males, was captured on.the 22 lay, using rod
"and line whilst under visual observation at Finchaie friory. Evidehce
‘for spawning groups from othef authors seems to contradict this observation.
Frost (1943) records large numbers of males accompanying avfew females

in spawning livery. Mottram (1922) observed a preponderance of males
on thé'spawning shallows with the:females collecting in é pool below,

only visiting the gpawning beds‘a'few at a tine, The‘obser;ation at
" Finchale may be.ekplained as a movement of ripe females onto the spawning
areas. This shpél present in the étudy area produced the éarliestv
fully ripe females, smaller females obtained in the main sample, being

not fully ripe.  - | |
| The.sek ratio in ﬁhe adult part 6f a pqpulafion is usually in the
regioﬂ of l;i, although it is known to vary td gome degree in fish
pbpulations. A significant:variancé’from this ratio is observed for
- three occasions,iduring the weekly séméliﬁg. In‘each case a signifiéantly
higher number of malesvistpresent in the sampleé. It is unlikeiy that
the methods emplojed ére selective in capture, to the extent-observed.
' One might expec£ aihighér prdpdrtion of female fish to be caught at this
vtime of year, ;ying to ﬁheir larger size énd reduced'ability.to e&ade 5

the net. Notable, isbthe significant varﬁance shown on consecutive
days at the two sites. This could indica%e alperiod during which
~conditions were suitablg-fér‘spawning. .Twé reasbns’may be‘put forwardk1 
fo explain the'phehqmenon:~ | | : 1
(a) during.spawhing‘a’surblué of males is preseht on‘thé‘Spawnihg,
grounds., - | o | | o

~ (b)  Movement of ripe femsles to spawning areas may occur. Lvidence for
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o . movements of ripe female groups is presented above,
Frost (1943).reports variance in the sex ratio in favour of female
minnows, 6%% as compared with males 37%« This was a constant factor
throughout the year, and she concluded that it might be explained by
the fact that female minnows tend to live longer than mnles., This
latter observation has also been noted in this study, without any

1 noticeable effect on the sex ratio. She also suggests that sex reversal

ag demonstrated by Bullough (1940) may be a contributory factor. This

would again only ﬁroduce a long term variation in the ratio.
Differences in time of arrival of young first'year'fish could be
due tos- | I
(a) differences in the time of spawning.
(b) differences in thé digstance of the study area ffom gpawning sites
‘in the river or inflow streams. |
At Croxdale it is believed thét a proportion of- spawning occurs iﬁ
Nicky Nack beck, an inflow stream downstream from the study area.
Young first yeaf fish were present in this beck during July and‘August
and mbvemenhsof young fish take place frombtﬁé‘Beck into the main riVero"v
At Finchale Priory no inflow stream occurs near to the study area,‘and
it is suggestéd that spawning occurs in suitable areas in the main
‘  river, possibly explaining the earlier arrival of first year fish.
Although little variatioh in size structuie of éatch was demonstrated

~until influx of young‘fish occurred, there is the possibility of inter-

_ change ofvihdividualéibetween adjacent stretches of the River Wear.
; Upstrean movementVWOﬁid appear to be restrictea by rough water areas
. and weirs. In this study it was observed that riffles appegred to
?restrict movenent of'éhoals, fish maintaining positions in slack water
areas, DMovements downstream may occur by-activé swimming or by passive
movements as & result of floods.  lvidence produced by Gerking (1953),

1Sto£t (1969) and Williams (1965) indicate a restricted range of movement
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of roach, gudgeon and perch, but sﬁggest the presence of a migratoryr
component of the population, Mark and recapture stﬁdies (section 6)
demonstrate the stability of the shoal over a short term period.
Elaborate mark and recapture techniques would be required to follow
movements during a long term study.

A reduction in the numbers of fish netted was noted after the
spawning period. Scott (1964) reports that dufing the month following
spawning, minnows were difficult to find and had apparently taken to
deeper wéter. At this time they were in poor condition many being
- infected with Saprolegnla and bearing wounds resembling eel bites,

vHeavy mortality occurs over ﬁhis period, Fish netted in th{s study
' gfter‘the spawning périod, althéﬁgh fewer in number, showed no sign
& of being in poor condition.

The tendency shown by the minnow to shoal within certain gite
groups, has important ihplications in design of a'sambling procédure
'Afor determination of the range of size clusses in thévapulatiQn. The .
size composition of the total sample must be representative of the.
size composition of thé pOpulatioh. It is necessary fhat each gize
- class should be fepresented as a proportion of the total number of
members of that size class; The shoal should be considered the basic ’
unit of sampling, with samples from a large number of randomly dhosen
.. shoals providing a réiiable estimate of the population gstructure. In

this study aé wide an area asg possible was nettéd, in 6rder to increase
the likelihood of capture of a larger nuﬁber of shoals. 'he présence
‘of ghoals of various size classes at the time ‘and place of netting
- algo aided this procedure, Sectiohi7 indicates the importance of time
in relation to the éampling programme. - Gee (1971) conéidered his‘samples
to be reliable estimates of the rebresenﬁatives of the shoal but owing
to the methods used i.e. minnow traps ~ probably falled to obtain a

rellable qample of' the populatlon.
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In fishes the length-weight relationship is represented by
_‘W=aLb or Log W = loga + b(Log L). For this study log weight was piotted
against log iength and the regression line calculated by the least
" squares method (Tables 4 and 5 ).v The coefficientva‘is Known to
show congiderable Variation seasonally,vwith time of day and between

habitats. Thevvalue of b is nearly always between 2 and 4, often

being very close to 5; A value which is significantly different from
3 indicates allometric' growth, i.e. as the fish grows larger it sﬁows
a proportionately greateriincrease in weight as compared with length,
Values of b show a significﬁnt departure from 3, only for f%sh of
| A . 55mms and below at Croxdale whereas both length groups show significani
'ideparture from 3 at Finchale Priory tﬁough not for every sampling
.occasion. Differences in the length weight relationship may be due to
ﬁaturity and sex of fish, geason and changes in stomach fullness.
Owing to the protracted spawning peridd it isFuhlikely.that one would
be able’to obtain a datebfo:Jthé spawningAtime bj‘referenQe fé éhénges |

' in the falue‘dfﬁb;
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‘6. MARK ATD RECAPTURE "”UDI]S OF MINNOW (PHOXILIUS PHOXINUS L) AND STONE

LOACH (NOEMACHSILUS BARBATULA) AT STTE (1) CRUXDALE

3 ' (1) Methods: Croxdale site (1) was chosen for an investigation of minnow
! ‘ ~and stone loach populations because the area was relatively snag free,

.the gravel subsirate proving no real hindranqe to the netting efficiency.

|  v . (a) Minnow - mérk and recapture. One sweep was made with the seine

U -;net covering an area of 50 squaie‘métres. On netting, fish were

iiimmediately marked by clipping the left pelvic fins., It is
;eSSential that the marking technique should not affect behaviour

 2or survival. Evidence'produced by. Gerking (1953) suggests that

" this is, in fact, the case and it showed that fish adépt resdily

“to the=ldss bf a_fin. ‘A1l fish once marked were returned one

‘ by one to thelregion of netting. Three recaptures were made, the
first, one hour after marking, the second,'fifteén minutes after
~ the first, and fﬁe thifd'four days 1atef. Recaptures Were made
' f' at the seme time of day, the 1mportance of thls will be ghown

in section. 7.

(b)vaoach - mark and recapture; The method of captﬁre using the seine
. - inet can be considered a large scale version of that used by
ﬁ“ ;. Smyly (1955), and is determlned by the behaviour of the flsh which -
‘,remalns dormant, settllng under stones and rocks on the bed of
the river during dayllght hours, and becomlng active at nlght.
To catch the loach, Smyly used a hand net with a D shaped mouth,
the"straight gide of the D lying on the bottom. In funning water
the net was placéd across the currént with the mouth of fhe net
»'facing ﬁpstream. ’Stones immediately above ﬁhe net were turned

over by kicking v1gorously and after a few moments the net lifted

~and. fish removed. “In thls gtudy a seine npt was employed 1nutead
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of a hand net, the movement of the leads over small stones and

" rocks being enough to disturb the loach and render them liable to
i'qapture. For eachbcaptuie date, four sweeps of the net were

] o j_‘QF.made over the study area of 175 square metres. Netting was

‘ zvalways carried out in an upstream'direction. -Lengths of the

,:fish were recorded on waxed graph paper. Fish were replaced in

i the centre of the study area after marking.

In mark recapture studies, to estimate population numbers, the proportion
4 of marked fish appearing‘in a random sample provides en estimate of the fish
in the total populatibn.:vThé ihadequacy_of this method for thesefstudies

will bé.diséussed invtﬂé 6dnélusion;' The method qan be expreséed mathematically

as f011§ws: '

N = 22
Y .
;Ewhere N = tota1 numﬁer of fish in the population
" m = total number of marked fish in the population
",c = number of fish in thelséhple
r a‘number of marked fish rééaptured'in the sample

The: standard of error of the estimate is computed thus  S.E.(N)=N N-m

(ii) Results: (a) Minnow Phoxinus phoxinus (L)
'Q‘hrs. Sample 1 ;"Number df markéd fishy= 373 .
% lihr.'SampIe 2"'Catch _ ‘ >=v56 -
- S | . Recaptures = 28
~ Number dead or injuredvon capture = 0 -

- Unmaiked catch = 28

fi

' Estimate of N = 746 ¥ 138 S.E.

- Area covered = 40 sq. m. ='18.65/m2 S
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56
20

it

' +1~25 hr}s."v;l Sam‘gle 3  Catch

..~ Recaptures
- Number dead or injured on'cépture =0
36 ‘
. + ,
1044 ¥ 310 S.E.

V‘T; _Unmarked catch

n

Estimate of N

|

Area covered = 40 sy.m. = 26.1/n°

496 hrs. Sample 4 Catch =80
L Recapture = 2
Number dead or injured on capture = O

Unmarked catch = 78

Estimate of N = 14920 2 S.E. = 4 x 14.920
This latter estimate is unreliablevand‘is due to an insufficient number of
marked figh present within the total population forrthe arég i.e.‘immigration

and emigration had occurred.

(v) Stone Loach. Noemacheilus barbatulus (L)f“;; “‘

0 hrs. Sample 1 ~ Number of marked fish¥* = 60j:‘}'  *lleft pelvic fin cut

424 hrs. Sample 2 Catch - 123  . 

. Recapture = 3.'
| | Nuhber of marked fish*' =123 ; ;"*‘right‘pel&i§'fin cut
| Totai number of»marked‘fiéh*='180 o S
 Unmarked cétchf“ "f  ‘=;126
0. 5 , 1  1.   Estimaté of fof' f ' ='2450 ks S.Ef;1368.f |
| °‘fa i ’Afé§ éqverédv;_ a 17Sisq;m. - 14;1/m2'_~” -




496 hrs, Sample 2 Catch = 61
: " Recapture =" 7 (2 merked - left pelvic)
= » (5 marked - right pelvic)
. Number dead or injured on capbure = 0 o
54
Y q o ra
1501 ¥ s.5. 630

[

. Unmarked catch

Hgtimate of N

175 sqems = 8.6/h2

it

Area covered

(iii) Conclusiong: It is thought that the resuits provide a reliable estimate
 for the stone loach population in the area and the two initial estimates

~ obtained for the minnows of.18.65/m2 and 26.1/m2 give an indication of

: the numbers of minnows shoaling in the area at the time of capture.

The third estimate may provide an estimate for the total minnow popul=

ationbin the area, though no true reliancé can be laid on its accuracy
owing to the'h%gh standard error value obtained.,
:J _ Mark and recapture étudies require that (é)'no immigration or
emigration ocours (b) the animal is no more. lisble to capture once
| mérked‘(c) the‘behaviour of the animalbis in no way impairéd. It
is unlikel& that (a) applied for the third population estimate of
the minnow, for owing to shoal movements Yoth into and'ouﬁ of the study
- area, it is likely that a consideiable degree of dispersal had taken
place'during this period. The best estimateé of density are obtained
* when'the proportion of recaptures in the census is high and the area
- occupied by marked fish is reliably known.  As will be shown in section
7 this mefhod does nof mark a representative sample of the minnow
population but only a'representative sample of the number of minnows
~shoaling in the study area. Mann (1971)‘reportedva gimilar difficulty
- with minnow pbéulntions in production studies. With more efficient -
f’capture metﬁods,kinvolving;the'neﬁting off of sectibns‘of river, and a -

' more efficient marking method'e;g}‘subcutaneous injection (Ricker 1968) or
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“immersion staining (Mattbewé 1970), a mofe reliable estimate of numbefs
in the area could have been made. Time; and lack of'equipment and aid,
did not, howevér, éermit this,

Estimatés of numbers shoaling in the area are in thé range 750~
'iOSO which if evenly'dispersed over the netting ares give values of
"18-26 fish per mz. This exercise was carried out late in the spawning
period, When‘numbers preéent in the area were lower than atl earlier
times during the spawning period. 'Using bgtter capture and warking
Af.methods as'outlined above, investigations on the population during the'
spawning period could bebmadé, together with Studies on the sex ratio
. variance exhibited in this study and discussed in section Sl Estimatesb
of population numbsrs would not indluderjuvenile fish or any other
 segment of the population absent from £heiarea, but would give a negat-
o ively biased estimate as do the figures shown above,

Population numbers ob+ained for the stone loach are a satisfactory
estimatevfor the area studied, at the time of}capﬁure. .Estimates for
vlarger_sections of the Fivgr can only be obtained using ﬁore eléborate
" methods. Vastly different estimates would have béen obfained at night,:
for as wiil be described under section 7,'1arée numbers of loach move
into the shallow sandy regiéns of the river aftei dusk, having remained
hidden’during the déy'undér stones in thevfaster_flowing areas of the_
river, xStone loaéh movefintOvtheSe éreas at nighf‘in order fo feed,
Stomach céntenfvanéiysis of stqne'1oach sampled dqring'éifferenﬁ‘periods ,‘

- bf‘the_day cOnfirmfﬁhis;;' 
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7. Daily activity of minnow shoals

(i) Methods:~ Seine netting'was undertaken over a twenty-four hour period
-ilduring late August, after spawning, at the Qiokdaie site. One sweep
. of'the net was made everyvfour'hours‘dﬁfing the aaily cyole,fovér the
':séme‘stretch of river. The depth of ?he‘river at this point Qas 30-500ms.v

" - Times were as follows:

(1) 1600 hre, )
"=(2)1 2000 hrs.':'g']gg August.';f
(3) 2400 hrs. 3 o
(4) 0400 hrs. ) |
(5) 0800 hrs. % 23 August ' .

(6) 1200 hrs. )

;fAll fish netted for each period were counted. For samples 1 and‘6 a

;>subsamp1e wag obtained (method.as P.31 ) for length measuremenf, owing
v).,to the gize of the sample. Sauples 2, 3, 4 and 5 represent'actual
:"numbers'netted. Fish lengths were measured pricking out onto waxed

"’graph papef. Fork length of the fish was taken measuring from the
"5ﬂanteriormost extremity of the fish'to'the tip of the median rays of the
‘~’tail. All fish after.meaéﬁrement*weré retufneditotthe'rive:'in th9 

netting regioh.

(ii) Results:- Results of the netting are presented in/histogramxform.' (Fig. 16)

. Numbers of fish netted'for'eaﬁh period are as follows.

@ o
a: ‘ (2)‘ ‘34"
(3) 62
(4) 94
(5) o S
(6) 1114

FiguresAindicaté a movement of shoals of different size classes of fish,

.
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 _into‘and out of the neﬁting area during the twenty-four hour period.
- The movements exhibited occur at different periods for different sections
‘:'_ of the population, At 1200 and 1600 hours the prulation in the area
| is represented by large shoals of two size c1as§es, young first yeér
" fish and one year old fish (O+, I+), The 2000 hours netting shows an
absence of the one year old fish. Movement is inferred from presence
| or absence., Results for the 2400 houis and 0400 hours feriqu ére
-~ marked by the absence of O+ fish and presence of fish of I+ and II+ age

- groups. Large numbers of stone loach (Noemacheilus barbatulus (1))

iiwere netted in these latter.samples; Evidently a movement of loach

. occurs over the same period as the movement of the larger minnows.

(iii); Conclugiong:- Results would seem to suggest mo#ements of minnow shoals
o based on diel changes in light intensity, The lérger members of thez

-~ population, I+ and IT+ year fish move into the shallow water areas at

“»dusk whilst O+ fish are absent from the shallow water areas during

. this overnight period. John (1959) describes late evening movements

 of larger chub (Gila atraria L) into shallow water areas to feed, with
'fa corresponding.movement of younger fish info deeper water. In the
aminnow, moﬁement of the young fish may either have been (1) into the
,,‘mainstream or_(é)‘into deeper slack wa#er dowvnstream of the study area,
" The latter possibility would appear to be thefm§re likely explanation,
though a more‘intensivé netting programme should be attempted to clarify
| the situation. The segregation in the movements of thevyounger and
older fish, it is suggested, could be a factor in reducing predation
- on younger fish by‘léiger fish, No reports are available of piedatidn’ S
of larger minnows on young minnows, though Berwein (1941)4describes
‘  aggréssive behaviour eiﬁibited bétWeen shoals of larger minno@s, and

-individuéls and shOals of young minnows.
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Differénces‘other than presence or absence could have affected the
number caught. During daylight hours, the fish may see the net more
eagily and therefore ténd to avoid it. Visual observation prior to netting
during the day and the absence of 0O+ year fish in the night catch indicate
the unlikeliness of this possibility.

The degree of movement into shallow waters by O+ and I+ fish is
probably dependent on light intensity, with shoals present in less depth
of water on days of high light intensity, as compared with thoge days
showing a reduced lighf intensity. Harden-Jones (1956) reports a
complete disregard for high light intensities during the spawning period,
a point which could explain the different sampling results obtained for
the 2000 hour period in section 5, as compared with the r;sults obtained
for this section. I+ year fish move out of the area earlier in the
evening than do O+ year fish probably due to an earlier response to
reduction in light intensity. Different responses have previously been
shown for these different size classes in relation to disturbances (see
section 3 (ii) (f) The 'fright reaction'.) Return of the I+ year fish
ocecurs affer dusk, though much smaller numbers were'presenf. Dispersal
of the larger shoals had probably occurred. It is unsure whethér‘the
representatives of the I+ year clags present during daylight hours are-
the same asg &hose present in the night catches. Marking of the fish'
after each netting would have helped in this respect.

A segregation in shoal movements might also act as a method of
decfeasing the unfavourable effects‘of high population density on
production,‘thus reducing competition, 1owering thg mortality raté and
'~ increaging the growﬁh.rate. The relationShip between migration and |

:fmovéments and producti§ﬁ in £reshwater fiSh'haé been well reviewed by ‘
Northcote (1967). | |
i Shoal:@ovementé tévand from the shailow areg probabiy'ocour at

t

fdéwnv@nd'dusk;:times whénithe effectivehess_qf predators‘is reduced.
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. Hasler and Villemonte (1953) reported a pre-sundown movement of shoals

~of perch (Perca flavescens.L)from 25'-35' depths where they are present

~ during daylight hours, into shallow waters of 18'-30' depth. They

| postulated that with the reduction in light intensity, the pérch lose
~ their ﬁeﬁdenqy to shoal, settling to the bottom and haintaining contact

- with the sand., Similar movements from deep to shallow water appear to

be ghbwn by the larger minnows and stone loach, though probably for

different reasons, for the loach is an active night feeder. A nocturnal

‘quiescent behaviour shown by the minnow could have survival value in

' escaping natural enemies. During inshofe movements of minnow at dusk,
r~feeding actiyity was ofteﬁ observed, A high proportion of fish examined -

“at this time (see section‘S (ii) (e)) showed relafively full guts. It
,;hls unllkely that mlnnows feed to any large extent overnlght, Gﬁts |

*examlned durlng mornlng hours showed few contents. o

I+

1L+ 2400 hrs. -

DUSK Caah
2100:hrs;;';? ﬁ

O+€-f‘\\\. hii”i ; ‘u ‘H l i Dmﬂr . . R .
2000 hrs.'j{ﬂ,'jj<'ls§gg§,~‘;x, o 0500 hrs. |
DOWNSTREAM? ~ S e raal AR | ‘ I+ II+ MATNSTREAM?

I+

0800 hrs.

16OO hxs,

“1200 hrs. . .
RS . S0+
I+

* SIMPLIFIED MODEL OF MOVEMENTS DURING THE 24 HOUR PERIOD
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SUMMARY

- Behavioural observations were made on minnow shoals in the River Wear

" and River Browney, County Durham, Three adaptive features are suggested
t;"“f’oryshoaling behaviour, with evidence to support these ideas:
;u, (a)j,during the breeding season shoaling plays an important part in

- the reproductive activities of the species.

u?_ ‘f(b)  Shoaling is an important factor in the location of locally
abundant food.

" (c) Shoaling affords a certain degree of protection against predation,

. Experimental and behavioural observations in the laboratory indicate
5;githe importance of the visual sense in shoaling behaviour. vAspécts of

”:fj 5the"fright reaction' are discussed.

“ﬂ__3.:,f§ Routine netting was carried out at two sites on the River Wear in an

5?‘attempt to investigatevthe population structure over a period of time.
1’ ?; Length frequencj histograms indicate a stable population structure
 ; :over the netting period though the prdportipn of larger minnows (5,6cms+)
“77;present shows variation wiﬁh time and site. A significant vériation,

2t in the sex ratio within the sample is shown on three occasions. Léngth—f

s weight regression-equations are presented for the sampling period{'>

1

" 'Mark and recapture studies were undertaken on minnow and stone loach .
populations at Croxdale site. The accuracy of these methods in

‘relation to both species is criticised.

 t'5.',   Seine netting was performed at Croxdale site évery Four hours over
| a twenty~four hour period in order to investigate diel shoal movements.
5;¥;Suggestions:are.put forward to explain the movements whioh;aré probably
ﬁin £riggé;edjby's¢veré1,fgctbfs ihéluding ¢hénges in lighf intensity.
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FOOD TYPE ‘ % POINTS [% OCCUR - | Y POINTS|%O0CCUR=| %POINTS| % OCCUR-
¥ ’ -RENCE ~Rini CE ~RENCE

CHIRONOMID LARVAE | 66.97 | 52.0 |4B.% 35.5 38}6 30.8
CHIRONOMID PUPAE  , | B ] 053 | 1.55
GHIRONOMID ADULTS o 2101 | 16,0 | 47.3 | 20.62
EPHEMEROPTERA ~ NYMPHS 606 | 12,0 " | thoh 120,62 | ©9.26 | 15,4
EPHEMEROPTERA ADULTS | s | s
TRICHOPTERA LARVAE 'f .28 o 5.1 6.70 2.27 | 7.7
EGGS (FISH) S o2 |owse | |
PLECOPTERA NYMPHS L '_ | 0023 | 1.0m
'COLEOPTERA | | ‘f_' | 0.8 | 0.52
HYDRACARINA 0.92 | 4.0 | 0.05 | 0,5
HONOPTERA (terrestrdal)| | | 0.69 | o2 | 568 | 7.7
DIPTERA LARVAE'ffjiLD“;V o e |os2 |
DIPTERA PUPAE | || e8| 7.7
| DIPTERA avis | 5.55 | ho12 |23.86 | 23.4
CRUSTACEA | R N

er mpry || 4o BT O R IR X

~

 DABLE 1 GUT CONTENT ANALYSIS (see p.ii) '




T

DATE

FISH 0+ = young 18t year fish

TABLE -2 WEEKLY NETTING SAMPLES,

1+ CROXDALE SITE DATE 8. FINCHALE PRIORY
TA7.5.72 N = 78 22.5.72 N = 90
Sl %= 0 Cox's 2.80k
i ".N.S. : N.SQ
15.6.72 N = 114
Moo= 50
F = 64
X = 1.263
- N.S, -
216,72 | N = 394 23.6.72 N = 192
M = 216 ’ M = 92
F =178 S F =100
X' = 3.6648 X' = 0.3332
H.S. No§.
8.6.72 | N =28 29.6.72 N = 29
| g M= 183 | Moo= 177
F =101 F =119
FISH 0+ = 11
X' = 23.676 X' = 11,3648
L ; : - p < 001 p < 001
o2 | N =25 7.7.72 N =158
: ’ M =109 L M= 82
F = 106 F = 76
- FISH O = 11
X' = 0,048 X' = 0.2278
) NOS. Noso
12,772 | N = 205 Ua?T2 N =210
) ) M = 9&. k . M = 128
F o= 111 F = 82
N FISH O+ = 14 :
- o != 10,608
x 13: 15098 ‘ X ;1)< ?om
‘ N = sample number NS, = Not significant‘
M = mele - L
~F = female




"~ CODE | LENGTH | WEIGHT f SEX CONDITION -
~ NUMBER  (cms) (gms) : e FACTOR k_
: FP5/A | 10.3 | 16.72 FEMALE 1.53
FPS/B | 9.5 | 15.07 | FEMALE 175

| FP5/C |92 | a5 | rmame | o1
FPs/D :‘10.1‘ 15.05 | FEMALE 146
£ FP5/B 10.6 ‘ 15.55 FEMALE 1.55»
. FPS/F ,; 9.4 | 10.95 | A 1.45
¥P5/6 | 10.7 | 19.339 FRUALE | .57
ComyE | 8.7 404545 FEMALE 1.60°: ‘
k',:FPﬁ/J'  10.5 | 17.140 | PHALE 1.u7;f‘
 i, FP5/K '  8.7 : 11.265 | - FEMALE 1e74
. FPS/L | 9.6 | he27h | FEMIE | 1.61
 7 FP&/M¢‘ "50.1'» ,19.942 FEMALE 1.935.' 
”.k 5N | 9. | 124766 CFRUMIE | 4.5
' ; FP5/0 110.1': 16,160 |  FEMALE 1;57_ "
FPS/P | 8.8 | 11.02 | FmALE 1.61
FP/Q | 7.6 | 7320 | MALE | 1,67
FP5/R 8.3 9.058 | FRMALE 1.58
/s | 8.5 | 10.696 | FRMALE 1.7
FPS/T 7.5 | 6.4 | mewmre 1,50

WEIGHT IN GRAMS x 100
(LENGTH 1IN CENTIMEIRES)S

| ' CONDITION FACTOR k =

CTABLE 3 SPAWNING FEMALE SHOAL -

 DATE22,5.72 SITE 2 FINCHALE PRIORY TIML 2000 hrs.




DATE LENGTH REGRESSION SAMPLL | b significantly
o AND SEX | - EQUATION ~ different from 3
17.5.72 0.55mms. M | y= =2.0860 + 3.168%x 39 : No
0.55mm8, F - |  y= <2,0646 + 3.1692 39“ ‘ No
56+ mms. M. : oo | -
56+ mms. F ' ' 0 L -
4 21.6.72 0.55mms. M y= =1.9763 + 3.1606x | 211 Yes
1 - © 0.55mms. F | y= =1.9909 + 3.1853x | 174 Yes
: 564+ mms. M y= =1.8912 + 3.0617x 5 No
56+ mms. F |  y= =1.9781 + 3.1849x L | No
28,6,72 | * 0.55mms. M y= -2.1429 + 3.4022x .| 166 . Yes
0.55mms, F ¥y= =2.1249 + 3.3621x 82 . Yes
56+ mms. M ¥y= -1.8520 + 2,9988x 17 ‘ No
56+ mms. F y= ~1.702h + 2.837hx 19 : No
5. 7.72 0.55mms. M y= =2.0595 + 3.2676x | 105  Yes
- 0.55mms, F y= =2.0553 + 3.2699x 93 Yes
56+ mms. M | y= -0.7656 + 145511 L . TNo
56+ mus. F y= =2.1829 + 3.4585x | 13 Yo
12,7472 0.55mms. M ¥= =2.4022 + 3.3516x 78  Yes
R 0.55mms. F y= =2.1010 + 3.3538x 76 " Yes
56+ mmss M | y= ~1.7568 + 2,9004x 16 : No
56+ mme. F | y= =1.8539 + 3.0298x | 33 ~ To .

M = Male, F = Female.

Regression equation = Log W = log & + b (log L)
where W = weight (gms) 1L = length (cms). ,
Statistical significance is taken at the 1% level.

TABLE ), " CROXDALE - REGRESSION ANALYSES.

-




DATE

LENGTH -

AND SEX .

REGRESSION
 EQUATION

SAMPLE

b significantly
different from 3

22:5.72

0.55mms . M
0.55mums, F
56+ mms, M

F

56+ mms.

"2o069l& + 301618){
2.0322 4+ 3,0930x

53
31

No:
No

15.6.72

0.55mms.,
0. 55mms .
56+ mms.

56+ mms.,
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;'L,Regression equation - Log W

" PABLE . 5

M = Male, F = Female.

'ﬁhere W = weight (gms) 'L = length (cms).

'btatistical.significénce is taken at the 1% level.

"‘FiNCHALE PRIORY ~ REGRESSION ANALYSXS

=loga+b (logl) -
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Figl6 Daily movements-four-hourly samples.
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